Mr M Ellis (General Infirmary, Leeds) The specific prevention of tetanus in the wounded has been regarded from the early years of this century as being quite simple: Give an injection of tetanus antitoxin. It was not until after the last war that it became widely recognized that this injection of a substance containing a foreign protein might give rise to dangerous complications. But it was only very recently that the value of the antitoxin in this potentially dangerous protein was ever questioned. Cox et al. (1963) assembled some evidence against the efficiency of tetanus antitoxin. I have yet to be convinced that tetanus antitoxin has been proved to be valueless. In the paper by Cox et al. the evidence published in the Journal of the American Medical Association (1913) was questioned. I therefore propose to give evidence from my experience of treating wounds for over thirty years, and as surgeon of the Tetanus Unit in Leeds, and from other large Tetanus Units in the country. I served for eight years in Lagos in Nigeria, where clinical tetanus is almost endemic. About 100 cases of wounding were seen daily in my hospital, many of whom were admitted. The administration of tetanus antitoxin for these wounded patients was routine; there were no antibiotics. During this period only one of these patients developed tetanus and investigation raised considerable doubt as to whether he had been given antitoxin. In these same. eight -years patients with clinical tetanus were being admitted in increasing numbers and, in the last year, 200 patients with tetanus were admitted. The circumstantial evidence suggests that in an area where the risk of tetanus was great antitoxin had prevented tetanus in those patients who came to hospital for treatment of wounds.
Since 1949 I have been in charge of the casualty department in the General Infirmary at Leeds, which is the second busiest casualty department in the country. The only patient who developed tetanus was a boy who had a compound fracture of the nose and had received many days' antibiotics but had not been given tetanus antitoxin. Over 100,000 patients had received tetanus antitoxin during that time, without any known mortality.
In 1954 a Tetanus Unit was formed in the General Infirmary at Leeds. By 1956 the Unit was so well established that all patients with tetanus from the conurbation of Leeds, Bradford, the heavy woollen district and the dormitory towns were treated in this Unit. In the years 1956-63 inclusive some 315,000 injections of prophylactic tetanus antitoxin were given by the hospitals in this area, and doubtless many more by general practitioners, with only one known death. Forty patients were admitted to our Tetanus Unit from this same area in the same period. Not one of those patients had received prophylactic antitoxin at the time of wounding. In fact, in all of the 70 patients who have been treated by our Unit, only one had received prophylactic antitoxin at the time of wounding. This patient is of interest from several aspects. He was a young man from a hospital 40 miles away who had multiple compound fractures of the lower limb. Tetanus developed four months after the injury. In the intervening four months he had been given at least four intensive courses of antibiotics for the sepsis associated with his fractures. He had received no active immunization with tetanus toxoid. Cox et al. (1963) In 296 patients treated in these Units 5 had developed tetanus in spite of prophylactic antitoxin at the time of wounding. It is therefore clear that tetanus antitoxin is not 100% effective. The alternative offered as an improvement by Cox et al. is to give an adequate course of antibiotics. It will be noted, however, from Table 1 that 4 patients developed tetanus in spite of both antitoxin and antibiotics. There seems to be no certain method of preventing tetanus in the nonimmunized patient. Moreover, in our own Unit we have had 6 patients who had not had tetanus antitoxin but had been given full courses of antibioticscompared with the 5 in seven Units who developed tetanus after antitoxin alone. The advantage seems to lie in favour of tetanus antitoxin. Four of these patients have been seen since the publication of the paper by Cox et al. (1963) and 3 of them came from the Sheffield region.
The second essential in the new prophylaxis of tetanus is excision of the wounds. Excision of wounds was not carried out as routine in Lagos. In my department in Leeds excision of small wounds has not been carried out as routine. In October 1964 we had 51 cases of a puncture wound of the foot by a nail which penetrated one inch or more. Excision of such wounds to make sure all the contaminated tract was removed would be far from trivial. In many instances a gaping wound would be left. The patients just would not come for treatment. Two patients in our Tetanus Unit developed tetanus from such a wound which had had no treatment. We continue to give tetanus antitoxin for such wounds in the non-immune patient. This is, of course, the extreme type of case, but I suggest that excision of all the minor contaminated wounds that come to the casualty department is quite impracticable.
It is agreed that tetanus antitoxin has its dangers. Apart from the one or two welldocumented cases of serum encephalitis, the main danger of this serum is the possibility of an allergic reaction following its injection. Penicillin is just as liable to produce allergic reactions and in recent times our most severe allergic reactions have been due to penicillin. Administration of prolonged courses of tetracycline by mouth is not without danger. In my department, however, the number of severe anaphylactic reactions to tetanus antitoxin have been very few. A change in routine last year suggests a possible cause. Until the introduction of adsorbed tetanus toxoid the antitoxin was always given at a separate time and it was routine in my department to give it mixed with procaine penicillin. After the introduction of adsorbed tetanus toxoid the antitoxin could be given at the same time at a different anatomical site. The nursing staff thereupon decided that since the volume of the dose of adsorbed tetanus toxoid was less than that of the antitoxin they would give an injection of antitoxin in one site and the adsorbed tetanus toxoid and procaine penicillin in another. Within a few weeks we had six severe reactions. I discovered this alteration in routine and returned to the practice of mixing the antitoxin with the procaine penicillin. In fourteen months since this change we have had one severe reaction in 8,000 injections.
To avoid possible allergic reaction to a foreign protein it has been suggested that large supplies of human antitetanus serum should be made available for prophylaxis. In my paper (Ellis 1963 ) on experiences of the use of human serum in the treatment of clinical tetanus I described the large amount of work required to collect enough serum to treat 30 patients. For each major Tetanus Unit in the country to collect serum in this way would not be asking too much. In the paper by Cox et al. one of the objections to the use of tetanus antitoxin is that in the small number of patients who develop tetanus after prophylactic antitoxin, therapeutic antitoxin is rendered valueless in treatment because of its rapid elimination or because of the increased risk of allergy. The use of human serum therapeutically would overcome this objection.
The provision of human serum for widespread prophylaxis is not justified. The effort involved would be far better spent on widespread active immunization by means of tetanus toxoid. This does mean, however, that a course of injections is required. It cannot be too much emphasized that one injection of tetanus toxoid has no immediate prophylactic value. One unfortunate result of the paper by Cox et al. (1963) is that many people have ceased giving prophylactic antitoxin and have replaced it with one injection of tetanus toxoid. We frequently get patients with contaminated wounds in whom this has happened. 6 Inquiry as to previous injections elicits the story that a previous wound had been suffered some months before and had been treated at a neighbouring hospital and an injection had been given. Telephone enquiry to this hospital reveals that an injection of tetanus toxoid had been given, no antibiotics, and no arrangements had been made for subsequent injection of toxoid. We cannot blame the paper by Cox et al. for this, save in so far as it denigrated tetanus antitoxin.
Further, it should be well known that once a prophylactic dose of antitoxin has been given, a second injection for a subsequent wound is almost useless. Any hospital department that gives an injection of tetanus antitoxin should therefore regard itself as responsible for persuading the patient to be actively immunized. In the patient I have described with the compound fractures who developed tetanus four months after the injury, such a course of action would almost certainly have prevented the onset of his tetanus. Many hospitals are, in fact, making themselves responsible for this active immunization. In the first thousand clinical records of patients with wounds, drawn from our files this year, only 7 patients had had previous injections of serum without subsequent immunizationcompared with 43 the year before. Three hundred and sixty-one had previously been immunized by means of tetanus toxoid. We would all like to think that next year the number of patients previously immunized will be nearer 1,000 and that those who have been given tetanus antitoxin without subsequent immunization will be nil. This means, therefore, that there should be a national effort to ensure that everyone is actively immunized by tetanus toxoid. In the first place, Maternity and Child Welfare Clinics should make themselves responsible for seeing that everyone is immunized against tetanus, e.g. by the use of triple vaccine. School Health Service Clinics should see that this immunization is maintained. For adults who have escaped this immunization in infancy and childhood, industrial medical departments of all sizes, sports clubs and universities should all feel responsible for initiating or maintaining this active immunization.
In Finland active immunization against tetanus is compulsory. We do not work by compulsion in this country, but surely all these organizations could work by persuasion. Experimental Studies of Tetanus Prophylaxis Tetanus prophylaxis in non-immune wounded patients has depended, since the First World War, on careful surgical cleansing of the wound together with the injection of tetanus antitoxin. Owing to the occurrence of hypersensitivity reactions to antitoxin derived from horses and, also, to the fact that the effectiveness of passive immunization in tetanus has not been completely proved, a number of centres have abandoned tetanus antitoxin in favour of antibiotics such as penicillin . Since this change-over has not been followed by any increase in the incidence of tetanus in treated patients, it is probably true that, in areas where tetanus is uncommon and the standard of surgery high, antibiotics provide an acceptable alternative to antitoxin. It is extremely difficult to assess from field work the relative effectiveness of antitoxin and antibiotics, but from experimental work information can be obtained to help in devising a rational guide to tetanus prevention in nonimmune patients.
Penicillin in Experimental Tetanus Tetanus in mice, produced by intramuscular injection of spores suspended in 2-5 % calcium chloride, could not be prevented by a single injection of benzyl penicillin. However, doses of the order of 10,000 units were found to delay the onset of tetanus until sixty hours, instead of the usual twenty-four hours, after injection of the spores. Small doses of benzathine penicillin were also found to delay the onset of tetanus up to as much as five days, but in larger doses this longacting preparation fully protected infected mice. These observations suggested that the penicillin could prevent multiplication of spores so long as it remained circulating, but in order fully to protect mice it appeared to be necessary to ensure that penicillin circulated for approximately four days. In further experiments it was found that tetanus in mice was prevented provided the serum free penicillin remained above 0-1 unit/mil for over three to four days (Smith 1964c ). It is therefore suggested that when penicillin is used for prophylaxis in man the dosage should aim at providing circulating penicillin for at least four days.
These observations suggest that the penicillin may act only by suppressing multiplication of Clostridium tetani until conditions are no longer suitable for its growth in the wound. If this were the case spores might survive in the tissues and be capable of causing tetanus later. This possibility
